Introduction {#sec1-1}
============

**What was known?**

DIF is an essential tool for the diagnosis of autoimmune blistering diseases.

Direct immunoflourescence (DIF) has become an indispensable diagnostic tool in the diagnosis of immunobullous lesions of the skin and has been widely used to supplement the clinical and histologic features of various vesiculobullous disorders.\[[@ref1][@ref2]\] The utility of this technique is limited by cost, site, and time of the biopsy, technical and tissue processing factors, history of treatment and the nature of the disease.\[[@ref3][@ref4][@ref5]\] This study was undertaken to set up the immunofluorescence facility in our department and to evaluate the practical utility of DIF in immunobullous dermatoses at our institution as a university granted research project. The objectives of this study was to evaluate the sensitivity of DIF in immunobullous dermatoses and to study the pattern of DIF. The study also aimed to correlate DIF with clinical and histologic findings and to analyze discrepancies.

Materials and Methods {#sec1-2}
=====================

A cross-sectional study was undertaken at the Department of Pathology and Dermatology of a tertiary care hospital in western India from August 2010 to September 2012. One hundred patients, of any age and sex, with strong clinical suspicion of an immunobullous lesion were included in the study. Patients with a known infective etiology of the bullous lesions were excluded. After taking written informed consent of the patients, two biopsies were performed in each case; one from the fully developed vesiculobullous lesion (lesional biopsy) and the other from the perilesional area within 2 cm diameter of the lesion (perilesional biopsy). The lesional skin biopsy was sent in 10% formalin. Following standard processing, the sections were stained with H and E stain. Histopathological examination (HPE) finding were used as a further aid in the diagnosis whereas the perilesional biopsy, placed in normal saline/phosphate buffered saline was immediately taken to the laboratory for DIF. The tissue was embedded in the cryostat embedding medium, frozen, and cut at 5 μm thickness at −22°C. Sections were taken on Poly L Lysine coated glass slides, fixed with ether-alcohol mixture, and air dried for 10 min. Later the slides were rinsed in phosphate buffered saline at pH 7.3 for 15 min. The sections were treated with fluorescein isothiocyanate labeled and optimally diluted (1:40) antisera, i.e., IgG, IgA, IgM, and C~3~ respectively. Positive and negative controls were run simultaneously. The slides were incubated in wet chamber for 1 h in dark room, washed with phosphate buffered saline PBS and mounted with glycerine jelly. The slides were observed under green filter of fluorescence microscope at 494 nm wavelength. DIF was reported based on nature and site of immune deposits, semi quantitative grading of strength of fluorescence and pattern of immune complex deposits. Immunobullous lesions were diagnosed based on the standard criteria.\[[@ref6]\]

Statistical analysis {#sec2-1}
--------------------

Statistical methods used to analyze this study include, percentages, ratio, sensitivity, specificity, and positive and negative predictive values.

Results {#sec1-3}
=======

Ages of our patients ranged from 16 years (a girl diagnosed as pemphigus vulgaris) to 87 years (a male diagnosed as bullous pemphigoid \[BP\]) with a mean age of 57 years. The maximum (33%) cases belonged to the age group of 41-50 years, pemphigus group being maximum (27%). BP was more common in the seventh decade. Fluid filled lesions (95%) were the most common clinical finding followed by erosion and crusting (73%). Itching (63%) was the most common symptom followed by pain (57%) and burning (55%). Oral lesions were seen in 49 patients. Eight patients were on treatment. Subcorneal blister was seen in 12%, subepidermal in 28%, and suprabasal in 60% of the cases. Acantholysis (68%) and inflammatory infiltrates were noted within the blisters. Histopathological diagnosis of various immunobullous lesions \[Figures [1a](#F1){ref-type="fig"}, [1b](#F1){ref-type="fig"}, [3a](#F3){ref-type="fig"} [4a](#F4){ref-type="fig"}, [5a](#F5){ref-type="fig"}, [6a](#F6){ref-type="fig"}, [7a](#F7){ref-type="fig"}, [7b](#F7){ref-type="fig"}\] along with corresponding DIF findings are depicted in [Table 1](#T1){ref-type="table"}.

![(a) Pemphigus vulgaris showing an intraepidermal blister and row of tombstone appearance. (H and E, ×100), (b) Blister contains eosinophils and few neutrophils. H and E, ×400)](IJD-59-364-g001){#F1}

![Direct immunoflourescence of pemphigus vulgaris (a) lacelike intercellular space deposition of IgG, (b) lacelike ICS deposition of C3](IJD-59-364-g002){#F2}

![Pemphigus foliaceus (a) Subcorneal blister with dyskeratotic acantholytic granular cells. Secondary cleft formation seen in the mid-level of epidermis (H and E, ×100), (b) Direct immunofluorescence shows intercellular space deposition of IgG in upper dermis](IJD-59-364-g003){#F3}

![Bullous pemphigoid (a) Subepidermal blister formation with an inflammatory infiltrate in the bullous cavity. (H and E, ×100), (b) Direct immunoflourescence shows linear deposition of IgG in the basement membrane zone](IJD-59-364-g004){#F4}

![Linear IgA bullous dermatosis (a) Neutrophils along the dermo-epidermal junction (H and E, ×400), (b) Direct immunoflourescence showing linear deposits of IgA along the dermoepidermal junction](IJD-59-364-g005){#F5}

![Dermatitis herpetiformis (a) Subepidermal bulla (H and E, ×400), (b) Direct immunoflourescence showing granular deposits of IgA along the dermal papillae](IJD-59-364-g006){#F6}

![Pemphigus erythematosus (a) Subcorneal bulla containing acantholytic cells. (H and E, ×100), (b) Subcorneal bulla contains neutrophils. Upper dermis show dense inflammation. Interface dermatitis. (H and E, ×100)](IJD-59-364-g007){#F7}

###### 

Histopathological diagnosis and DIF findings of immunobullous lesions

![](IJD-59-364-g008)

On DIF examination, intercellular space (ICS) deposition of IgG was present in 51 out of 58 cases of pemphigus vulgaris resembling fishnet pattern \[[Figure 2a](#F2){ref-type="fig"}\]. Seven cases also showed C3 deposition at the ICS \[[Figure 2b](#F2){ref-type="fig"}\]. All the cases of pemphigus foliaceus showed ICS deposition of IgG in upper dermis \[[Figure 3b](#F3){ref-type="fig"}\]. Single case of pemphigus vegetans showed ICS deposition of IgG in the fishnet pattern. Majority (18/25) of BP showed linear IgG and C3 deposition in the basement membrane zone (BMZ) \[[Figure 4b](#F4){ref-type="fig"}\]. One case showed IgA deposited in addition to IgG and C3 along the BMZ.

Single patient of linear IgA disease showed linear deposition of IgA along the BMZ \[[Figure 5b](#F5){ref-type="fig"}\]. Both cases of dermatitis herpetiformis (DH) had granular IgA deposited along the BMZ \[[Figure 6b](#F6){ref-type="fig"}\]. Single case of pemphigus erythematosus showed granular deposition of IgG at ICS and also showed IgM deposition along the BMZ \[Figures [8a](#F8){ref-type="fig"} and [b](#F8){ref-type="fig"}\].

![Direct immunoflourescence of pemphigus erythematosus (a) Deposition of IgG in intercellular space (arrow), (b) Granular deposition of IgM at dermoepidermal junction (arrow)](IJD-59-364-g009){#F8}

As regards the 11 DIF negative cases, seven were of pemphigus vulgaris (three had no epidermis) and four were in remission being on long-term cyclophaphamide pulse and steroid therapy. Negative immunofluorescence may be viewed as the state of immunological remission in pemphigus because most patients with negative immunofluorescence did not have relapse after discontinuation of the treatment. A total of 4 cases with specific histopathological findings of BP had negative DIF due to lack of epidermis in one and technical/sampling errors in the three cases.

DIF was diagnostic in all the pemphigus variants including the pemphigus foliaceus (12%) and the pemphigus vegetans (1%). DIF also helped to confirm the diagnosis of DH, linear IgA dermatosis and pemphigus erythematosus in these solitary cases respectively.

The statistical analysis of DIF is shown in [Table 2](#T2){ref-type="table"}.

###### 

Statistical analysis

![](IJD-59-364-g010)

Discussion {#sec1-4}
==========

The autoimmune bullous lesions result from an immune response against adhesion molecules of epidermis or BMZ. The diagnostic specificity of clinical findings varies among bullous diseases. There is clinical overlap among various groups of bullous diseases for example: Linear IgA dermatosis may mimic BP or DH. IgA pemphigus may mimic pemphigus foliaceus, pemphigus herpetiformis or subcorneal pustular dermatosis. Inflammatory epidermolysis bullosa acquisita is indistinguishable from BP.\[[@ref6]\]

HPE reveals the site of formation of bulla, the presence of infiltrate and its composition. A differential diagnosis is generated on the basis of combination of findings in the biopsy specimen. Subepidermal bullous diseases have overlapping HPE findings and hence their diagnosis on HPE findings alone is difficult.\[[@ref7]\]

At present, diagnosis of autoimmune bullous disorders is based on immunological and molecular findings rather than clinical and HPE diagnosis alone. DIF helps to detect molecules such as immunoglobulins and complement within the biopsy specimen.\[[@ref8]\] The ideal site for the biopsy specimen depends on the type of disorder. For bullous diseases, DIF is performed using the perilesional skin that is normal appearing skin immediately adjacent to a lesion. The immune deposits are partially or completely degraded in inflamed or blistered skin and DIF may be negative.\[[@ref3]\] The differential diagnosis of a DIF test depends on primary site of immune deposition, the class of immunoglobulin or other type of immune deposits, number of immune deposits and if multiple, the identity of the most intense deposits and deposition in other sites besides the main site. With these parameters, a pattern approach can lead to an accurate diagnosis in the majority of specimens.\[[@ref3]\]

The most frequent disorder in our study was pemphigus vulgaris and the finding is in accordance with other regional and international studies.\[[@ref9]\] Male to female ratio was 1:1.7, which is comparable to the findings of Shamim *et al*.\[[@ref10]\] DIF findings in pemphigus vulgaris showed IgG positivity in ICS in fishnet pattern in 51%. Few cases showed both IgG and C3 deposition in ICS. This is comparable with other studies.\[[@ref11]\] DIF is positive in 90-100% of patients with active disease if an appropriate biopsy specimen has been obtained. The pattern of fluorescence appears as continuous around individual keratinocytes. Occasionally, the fluorescence may be limited to or most intense at the level of the epidermis that is involved with blister formation that is lower epidermal layer for pemphigus vulgaris and superficial epidermal layers in pemphigus foliaceus.\[[@ref3]\] This variation in the intensity of fluorescence at various layers of the epidermis may be caused by differences in the relative amounts of the target desmosomal proteins for each of the two diseases, namely desmoglein 1 for pemphigus foliaceus, and desmoglein 3 for pemphigus vulgaris. C3 may also be seen, usually with intensity lower than IgG. In pemphigus foliaceus, DIF shows IgG and C3 deposition in upper dermis in ICS. This finding is helpful to differentiate pemphigus foliaceus from pemphigus vulgaris.\[[@ref12]\]

Immunofluorescence is required to differentiate staphylococcal scalded skin syndrome (SSSS) from pemphigus foliaceus, since a small number of acantholytic cells are seen in case of the former SSSS. The lesions of pemphigus foliaceus can become impetiginized, which produces pustules as in impetigo and subcorneal pustular dermatosis. Negative DIF in subcorneal pustular dermatosis and SSSS differentiated it from pemphigus.\[[@ref7]\] Pemphigus foliaceus and IgA pemphigus can be differentiated based on the Immunoflourescence findings.\[[@ref13]\]

Pemphigus vulgaris and vegetans have similar DIF findings and hence need to be differentiated by clinical and HPE characteristics.

The combination of ICS and BMZ deposition of IgG is seen in pemphigus erythematosus, in which immunopathologies of pemphigus foliaceus and lupus erythematosus co-exist. We had one such case, where the patient had clinical features of systemic lupus erythematosus, her rheumatoid factor and anti-nuclear antibody tests were positive and DIF revealed findings of pemphigus and lupus erythematosus. Thus, DIF helped to confirm the diagnosis of Senear-Usher syndrome, a rare variant of pemphigus foliaceus.\[[@ref14][@ref15]\]

BP affects the elderly during their fifth to seventh decade of life, with an average age of onset being 65 years.\[[@ref16]\] BP occurred in 25% in our study patients. Nearly, 48% of the patients were in the age group of 61-70 years. Male to female ratio of our BP patients was 1:0.4. The reported sex ratios in BP have varied from 2.4:1 to 1:5.75 in different studies due to variation in the sample size.\[[@ref17][@ref18]\] In our present study, 68% patients with BP showed linear IgG and C3 deposition in the BMZ. One case also had IgA deposited along the BMZ. One case had only C3 deposited along BMZ.

Sano SM observed DIF detection rate in patients with BP as 55.6%.\[[@ref19]\] Herpes gestationis, linear IgA dermatosis and epidermolysis bullosa acquisita show subepidermal bulla with neutrophil rich infiltrate, which can be confused with BP. However, DIF helps to differentiate these conditions from BP.\[[@ref20]\]

In our present study, only two cases of DH were seen both being males aged 37 years and 38 years. Nicolas *et al*. reported DH most commonly between the age of 25-55 years.\[[@ref21]\] DIF showed granular IgA deposit at dermal papillae in both our cases.

Inchara reported four cases of DH. But none of the four biopsy proven cases showed immunoglobulin deposits. In absence of characteristic, DIF pattern they recommended to use a combination of the clinical and the serological data.\[[@ref2]\]

Differential diagnosis for deposition of IgG and/or C3 at the BMZ includes BP, cicatricial pemphigoid, pemphigoid gestationis, epidermolysis bullosa acquisita, and bullous systemic lupus erythematosus. There are clues that are helpful in differential diagnosis. C3 deposits with significantly higher intensity than IgG favor the pemphigoid group of diseases such as BP, cicatricial pemphigoid, and pemphigoid gestationis. In BP and pemphigoid gestationis, the deposition consists predominantly and occasionally exclusively (especially in pemphigoid gestationis), of C3. They are present in continuous, fine, and linear patterns.\[[@ref22]\] In bullous systemic lupus erythematosus, approximately 60% of cases reveal BMZ deposition of IgG indistinguishable from that of epidermolysis bullosa acquisita. Differentiation between bullous systemic lupus erythematosus and epidermolysis bullosa acquisita is based on the presence of serological evidence of systemic lupus erythematosus. In these subepidermal bullous lesions, DIF/indirect immunoflourescence IF on salt split skin yields higher rate of positivity in contrast with conventional DIF.\[[@ref23]\] In BP, patterns of fluorescence was in the roof (40.60%), floor (9.4%), and combined roof and floor (50%). On indirect immunoflourescence, positivity was almost doubled with salt split technique (68%) as compared to routine methods (36%).\[[@ref23]\] The limitation of our study was we did not use the salt split technique. A separate study is planned for the same in future.

The PPV of DIF in pemphigus group approaches 100%.\[[@ref3]\] Our study revealed 90% PPV and 94% sensitivity and the sensitivity was 84% in BP.

False negativity was seen in 7/58 cases of pemphigus vulgaris and 4/25 cases of BP group. This was mainly due to technical errors like lack of epidermis in the biopsy (*n* = 4), exposure to light (*n* = 1), improper site of the skin biopsy (*n* = 1) and longer stay of the biopsy in the normal saline (*n* = 1). This observation makes the use of fresh tissue the preferred substrate for DIF studies. Total 4 histologically proven cases of pemphigus vulgaris, who were on the treatment revealed the DIF negativity. This finding was against the previous documentation, which states that DIF is a very reliable diagnostic test for pemphigus, which becomes positive at an early stage and remains positive for a long period after clinical remission.\[[@ref8]\] Hence, in the absence of the characteristic DIF pattern, one needs the combination of clinical, histologic, and immunologic data to support the definite diagnosis of different immunobullous disorders.

However, a diagnosis based solely on the clinical or histologic findings may not be accurate. DIF is extremely helpful in confirming a suspected diagnosis and in distinguishing among closely related cases of immunobullous lesions.\[[@ref3]\]

Conclusion {#sec1-5}
==========

Our study concludes that the DIF is an essential for diagnosing autoimmune blistering diseases with the clinical and the histopathological overlap. However, larger studies with proper selection of cases and judicious use are mandatory to optimize its utility.

**What is new?**

DIF helped in confirmimg the diagnosis of bullous lesions with the clinical and histopathological overlap.In this study, a rare case of Senear-usher syndrome could be diagnosed due to DIF.Sampling errors contributed to FN results.
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